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Detection of pollution defects in integrated circuit chips using short-wave
infrared polarization imaging

HE Zebin"**, CHEN Chang’, YANG Junsheng’, YANG Binglin’, WANG Shuang™*,
LI Kewu™*, WU Qiannan"**
(1. School of Semiconductor and Physics, North University of China, Taiyuan 030051, China; 2. School of Electrical
and Control Engineering, North University of China, Taiyuan 030051, China; 3. Academy for Advanced
Interdisciplinary Research, North University of China, Taiyuan 030051, China; 4. School of Instrument
and Intelligent Provincial Future Technology, North University of China, Taiyuan 030051, China)

Abstract: Aiming at the demands of high-speed and high-precision detection of pollution defects in integrated
circuit chips, a high-precision and short-wave infrared polarization micro-imaging system based on the
combination of short-wave infrared micro-imaging technology and polarization measurement technology was
designed and developed. The detection light source transmitted through the sample, and the polarized light of
the sample was collected by the microscope and incident on the polarization analysis device composed of wave
plate and polarization detector to complete the measurement of the polarized image of the sample. Then the
polarized image fusion technology was used to fuse the measured images to complete the feature extraction of
the polarized image of the sample, thus achieving defect detection of integrated circuit chip contamination. The

edge and center of the chip were tested with Op-Amp integrated chip. The results show that the defect
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characteristics tested by this system are clear and the quantity is complete, which can provide important basis

to ensure the accuracy of integrated circuit chip contamination defect detection.

Key words: short-wave infrared; polarization imaging; integrated circuit chip; polarization image fusion;

defect detection
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Fig.1 Basic schematic diagram of measurement
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1) If f(G)<1 or I, <1, then m =0.5;
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0.7+ 0.65f (I);

3) If f(G)>1.65 and f(I)>1, then m = 0.7 +
0.457();

4) If f(G)>1.65 and f (<1, (kI <I,,), then m =
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7) If 1<f(G)<1.65 and f(I)<1, (k I,,<I,), then
m=0.7-0.57f().

I FH b A A R0 00) S s F BB il A R T LT m,
YEBEA MLTS Yedb A TIRE, LI S anE 3 FiR .

(a) FESR SR

(b) Z 41 L i i 2]

(c) Stokes K [4]

(d) MR 2 it el
3 BHIE RN

Fig. 3 Organic contamination detection

HIE 3 FTLVE H, S iEl | AENLE AR A 3(a)
B i S DL L 3(b) 22 13 41 [ ] AR 5% 1)
BBE R, H i T X LR, RS AR
Wi, i 7E & 3(c) Stokes & & LA & I 3(d) ik S
R, AT DL BB R G R ih 2, HE H bRt
i, AFTF X1 5. HAE SR X 135928 f 4k O 1
HUBAE TR T 45°Z PR, 53X Stokes 2K 1t S, M M
PRA v R TE

mE 4 FoR, & BURRE Z 5, X B &,
P50 R0 B g BB, 0T A b R 00 T G R g
JE o PRGOS e dn g 1 BT, 15 A 4
BNk 2 PR,

B4 ANSEMEERK

Fig. 4 Fusion image of organic contamination

®1 EGREHELL

Table 1 Comparison of image quality data

IE S 845 B SRR

L B iR EEE 1 41807 78.044 0
e L P15 4783 4 408.814 3
wlE R 6.684 9 412.140 0

®2 HHETMEER

Table 2 Evaluation results of calculation quantity

EUR2E  ZAERREIRL,  WREEG  mErEGg
B E]/s 0.108 0.112 0.121

XF 2 #EAT T, Bl 2R RS A D ik
FEUR G B2 5 1 Lo i PR 1 5.3
5, AELTE A 00 58 12 7 TR AR 28 A K, IER T Rl BR ik
(A, Bk 1 ARG A LTS S R ZER
2.2 B fRBALTS R 43 4

I A AT 75 e 2 oF 8 B HL B S P A R R
RE. FTAETE LSO PERE ™ AR AR B BRI, 5 R
i e A A P AT AR AR DY I B ORIE A
RS FR B R AR ORE 75 e B T E 2L, ] LU
TRARAREE L FE T

H T B AP R UE FR GRS T A R RS A [ A



DG 2025, 46(2)

B, A5 TR I AL S M PR RS 5 AR B85 9 e sl A .+ 393 .

SRR Y5 ARSI B4 R AT, AR URORS I 5
Amp RS R, 78 H 7 B i

HEHU L & Op-
TORAE, FI RS

PRI 558 55 D5 m, X 22 £ O 9 P15 5 D 4 22
filfr, USSR ANIEL 5 B

KR tAT

(a) HEAL S

(b) Z S fdRE

Si

(c) Stokes K4l

(d) fhifeS
B 5 EMRBRLS AN

Fig. 5 Solid particle contamination detection

m S T LA H, B 5(b) 2 1 B Bk B4R R
e F B B0 S BE, S BE U O M UL 58 75 L ik
% 5(c) Stokes & 2t LU K 5] 5(d) (i = = 1 AT DA
B ENG YL IR I, (55 90 A A SRt L B AN
H 15 e BB IR 300 1 56 3 A 52, O AN se U Hh B
R BRFA N Ol ELRE SR BR T X 13502k fi 41 Ot )
MR T 452 iR Ot =2 A1, X 22 T (B i 41 ' 1 5
JEANE A 42230 T A7 e 18 O 4 O, 53X Stokes RS,
Sy AR A PRI D £ X BE (B R AR 1

W 6 s, 23 KRRl G Z 05, FT LATE M
P H A RSO 15 e Bk B Y 5 G, O HLRE 8 WL %%
B 1 fofe b R AL 2 1 T 22, BE B AR W Hb K S Y
BB IR AR

E o EFBAISHREER
Fig. 6 Fusion image of solid particle contamination
U3 3 o, RlE T B PSR 2 A i U 1)
B, 5 B T 175 6%, PRI EE SR B T 6.2 4,
)RR B0 IE 1 28 G0 th Tl K o) [ AR AT 75 e A T A 22
Ko THEBIFEERMNE 4 PR,

*3 BEBEEHETLL

Table3 Comparison of image quality data

RILESl 8 A 1S SEIBEE
A0 AR R 5 0o 4.934 1 71.774 2
P B P15 5.684 1 430.620 0
[EESEES 6.943 0 4451220

R4 HEETM/ER

Table 4 Evaluation results of calculation quantity

BRI mEmiRERL,  WIRERG ARG
e Y 0.118 0.126 0.131
3 %ig

ASHIF 5 R e e 2 A1 S AR A A R B 41 0

PR S, BT I I R T — P kG B2 A9
P 21 M iR 58 Gl 1R ZR G, 7T S BT B e



- 394 . o

k¥

a6 2 )

F TG YR B 0 R R BEAGIN . 23 X Op-Amp £ A
BT B G A RO B AT 1A BILTS P
DA B[] 4 SUASE dfe o ARG 00 , S 000 I 308 5 41 1] 5% il
BB A BEE B S R AT LS b i F 2 T B R
i, ELIRE T PO RE . LG b B SR, TR R
X EE b PR A A5 SR A X b B AR B TR
DL, UE B2 2 58 BE W X ¥ e il o 552 B i 0 32 i
B MRS M EZPNHAE THRAIETE, 17745 L br
I SR, AT LS B e A R A AR R B
5 BB B A

S 30k

(1] FAE SRR S AR S T 2O ], oot
5 RHR, 2022, 6(3): 20-22.

WANG Zhu. Research on manufacturing technology and
technology of IC chip[J]. Electronic Component and In-
formation Technology, 2022, 6(3): 20-22.

[2] MAZAHERIM, SAGGU M, WUCHNER K, et al. Monit-
oring of visible particles in parenteral products by manual
visual inspection —reassessing size threshold and other
particle characteristics that define particle visibility [J].
Journal of Pharmaceutical Sciences, 2024, 113(3): 9.

[3] MAY,LIQ,ZHOU Y, et al. A surface defects inspection
method based on multidirectional gray-level fluctuation[J].
International Journal of Advanced Robotic Systems, 2017,
14(3): 238-241.

[4] QIUT,LIN Z, TSAI C J, et al. An automatic defect-in-
spection method for optical isolators using image analys-
is[J]. at-Automatisierungstechnik, 2022, 70(7): 662-675.

[5] LEIM, WY K T. Detection of sub-design rule shorts for
process development in advanced technology nodes[J].
IEEE Transactions on Semiconductor Manufacturing,
2017, 30(4): 418-425.

(6] EBF, %= SR BbaRm gk (1. SRS AR
53445, 2022, 58(5): 94-98.

WANG Xinyu, JIANG Sanxin. Overview of chip defect
detection[J]. Modern Manufacturing Technology and
Equipment, 2022, 58(5): 94-98.

(7] BwelEk, FECL, BHR, % 4l MOt i LAl e s
BRG], B seit, 2023(3): 98-100.

GE Linghui, ZHOU Huizhong, XIE Jun, et al. Analysis of
machine vision inspection technology for integrated cir-

cuit chips [J]. Peak Data Science, 2023(3): 98-100.

(8] aKMEIT. MU A 3 ik b OC T HL & AL EHOAR i 52
NI, BRI 545, 2022, 3(2): 1-4.

ZHANG Pengyuan. Practical application of machine vis-
ion technology in mechanical manufacturing automation
[J]. Fluid Power Transmission & Control, 2022, 3(2): 1-4.

(9] Rz, vekiWl, SRR, HLEALE AT I8 ik e I e
[J]. FE*%2¢4f%, 2020, 41(6): 871-890.

ZHU Yun, LING Zhigang, ZHANG Yugiang. Research
progress and prospect of machine vision technology[J].
Journal of Graphics, 2020, 41(6): 871-890.

[10 ] 5w, A ZDEA R A M A SR BUIR (1], 2R I
AR5, 2017(20): 194.

LI Yuefeng. Development status of automatic optical in-
spection technology[J]. Dual Use Technologies &
Products, 2017(20): 194.

(11 ] 5B, 2Rk, X %, 45, da 7ok v DR R I 22 5 vh i

IR GO SR IR [T]. DR, 2019, 12(2): 242-
255.
GUO lJie, LI Shiguang, ZHAO Yan, et al. Nano-scale fo-
cus control technology in electron beam wafer pattern in-
spection system[J]. Chinese Optics, 2019, 12(2): 242-
255.

[ 12 ] SUNG Y, WANG W. Hyperspectral confocal microscopy
in the short-wave infrared range[J]. Optics Letters, 2023,
48(15):3993-3996.

(13 ] REL, DY, R, 55 R SMEPLE R RGO
W5 M= D). 6121, 2022, 51(9): 299-310.
SONG Xuedong, MA Yingchao, ZHOU Qi, et al. Real-
time bad pixel detection and compensation method for
short-wave infrared camera[J]. Acta Photonica Sinica,
2022, 51(9): 299-310.

(14 ] 2580, 32T, B0, 55 6 F ik R B AR 1o iF

FE. NS ERE (1], 205 S0 TR, 2023, 52(9): 298-
313.
LI Zhiyuan, ZHAI Aiping, JI Yingze, et al. Research, ap-
plication and progress of optical polarization imaging
technology[J]. Infrared and Laser Engineering, 2023,
52(9): 298-313.

[15 ] Z=Fhe, 4RI P S MmiR BUSE AR MR o7 BER (1]
I Y, 2023, 44(3): 643-654.

LI Ziyuan, JIN Weiqi. Research progress of short-wav-
elength infrared polarization imaging technologies[J].

Journal of Applied Optics, 2023, 44(3): 643-654.


https://doi.org/10.1515/auto-2022-0039
https://doi.org/10.1515/auto-2022-0039
https://doi.org/10.1515/auto-2022-0039
https://doi.org/10.1109/TSM.2017.2741973
https://doi.org/10.3788/co.20191202.0242
https://doi.org/10.3788/co.20191202.0242
https://doi.org/10.1364/OL.498290
https://doi.org/10.5768/JAO202344.0304003
https://doi.org/10.5768/JAO202344.0304003

	引言
	1 检测原理
	2 实验验证
	2.1 有机污染检测分析
	2.2 固体颗粒污染检测分析

	3 结论
	参考文献

